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Abstract 
The most sustainable building operation is that presents a 
minimum primary energy consumption, which minimizes 
the environmental impact. Therefore, the objective of this 
paper is to optimize the passive envelope design of the 
multi-family apartment building in Algeria for reducing 
heating and cooling energy consumption. 12 
representative cities are investigated and 20 design 
variables with their different combinations are simulated. 
A multi-objective non-dominated sorting genetic 
algorithm (NSGA-II) is coupled with EnergyPlus 
building energy simulation software to obtain the optimal 
solution according to the Pareto approach. Our 
optimization approach achieved energy saving ranging 
from around 21% to 51%. 
Key Innovations 
• Using an advanced simulation approach 
involving automated optimization (NSGA-II) 
and applied for the first time, in the Algerian 
context. 
• Coupling the building performance simulation of 
a multizone model with a state-of-the-art 
optimization algorithm. 
• Providing  an evidence-based design decision 
support for professionals and policymakers. 
Practical implications section added 
• Calibrate the building simulation model before 
optimization. 
• Before the parametric simulation, Check 
carefully for the variable’s settings in the Idf 
editor of EnergyPlus. 
• Promote the discrete type for the design variable 
to allow a faster convergence of the optimization 
algorithm. In Addition, the adoption of discrete 
variables is more realistic. 
Introduction 
Passive design measures such as the building layout, 
building form, building envelope thermophysics, 
infiltration & air-tightness can make great contributions 
to low energy building designs depending on climatic 
conditions (Chen et al., 2018) (Gou et al., 2018). 
Therefore, the energy efficiency can be achieved by 
making early architectural design decisions that 
integrating the optimal values of these building 
parameters (Ekici and Aksoy, 2011; Yıldız and Arsan, 
2011). However, the number of parameters that can affect 
the building energy consumption is rather huge, and 
different parameters are often in contrasting influences. 
This huge number of building parameters involves the 
largest number of design possibilities which should be 
considered by designers. Therefore, to achieve an optimal 
design solution in this situation building energy 
performance simulations are required. But this method 
involves complex processes, can be expensive, and time-
consuming, because it requires running a large number of 
simulation cases ( Attia et al., 2012; Gou et al., 2018; 
Huang and Niu, 2016). Hence, optimization methods use 
become necessary to get an optimal passive design 
solution among a number of potential combinations of 
various variables and enhance significantly the building 
energy performance. 
So, Building Performance Optimization (BPO) is a 
process that aims at the selection of the optimal solutions 
from a set of design possibilities according to a set of 
performance criteria (e.g. minimization of energy 
demand, maximization of indoor comfort,…) (Attia et al., 
2013). Recently, this process is usually automated by the 
coupling between a building simulation program and an 
optimization ‘engine’ which may consists of one or 
several optimization algorithms or strategies (Nguyen et 
al., 2014). This new process is called Building Energy 
simulation and Optimization (BESO). 
The major part of previous studies is based on Building 
Energy Simulation and Optimization (BESO) where they 
coupled simulation tool or prediction model with 
optimization algorithms. The Genetic Algorithm (GA) or 
its variations such as Non-dominant Sorting Genetic 
Algorithm (NSGA) are the most used in simulation-based 
design for building envelope optimization which is 
confirmed by Huang and Niu (2016), Machairas et al. 
(2014a), Nguyen et al.(2014)and Shi et al. (2016). 
In the Algerian context, we found many studies presented 
an evaluation of one or some design variables or passive 
design strategies in one ore some climate zones to 
optimize the building energy consumption or improve 
indoor thermal comfort (Hamdani et al., 2014; Imessad et 
al., 2014; Ali-Toudert and Weidhaus, 2017 ; Mokhtari et 
al., 2017; Berghout and Forgues, 2019; Rahmouni and 
Smail, 2019; Soufiane et al., 2019; Badeche and 
Bouchahm, 2020). 
time budget. The application of optimization techniques 
allowed us to perform an accurate analysis of the entire 
dimension of the energy efficiency problem while 
condensing considerably the sets of recommendations 
with evidence-base content. 
North African cities are booming and are increasingly 
urbanized. Therefore, this work provides evidence-based 
design decision support for professional and policy 
makers in Algeria. The base case in a monitored and 
calibrated reference case that represents a mainstream 
typology based on-site audits for local materials and 
building construction technology. Coupling the building 
performance simulation of a multizone model with state-
of-the-art optimization algorithm (advantages of NSGA-
II) brings valuable insights on the design improvement 
opportunities for new construction and renovation 
opportunities for existing building types. 
It is acknowledged that the study applied a genetic 
algorithm for multi-objective optimization with a focus on 
energy use reduction. The research could have benefited 
from a broader approach that involve comfort and cost as 
objectives. However, the complexity and findings 
abundance, forced the authors to focus on one objective 
as an important milestone. Thus, further investigation 
should address multiple objectives. Also, the study has 
been focused on residential buildings without considering 
possible adaptation of occupants. In this way, the study 
was mainly based on adopting the variables identified by 
the Algerian thermal regulation (DTR C3-2) that mainly 
address the envelope’s thermal performance and surfaces 
orientation (CNERIB, 2007). Thus, the study succeeded 
to define key passive and energy efficiency measures of 
the envelope that must be improved. However, it did not 
address retrofit opportunities or optimal comfort 
adaptations. Further investigations will be carried out in 
order to evaluate the influence of occupants’ adaptation 
on comfort, cost and carbon optimal solutions. 
• Implication on practice and research: 
The research findings can help with the modification of 
the Algerian building thermal standard through the 
Ministry of housing (MHUV) or the CNERIB.  
For building professional and on the scale of individuals, 
our findings can inform and guide the decision making of 
architects and building engineers. Real estate developers 
can benefit from the results and develop of feasible and 
energy efficient prototypes. An in-depth study will be the 
following future work for the authors to fully investigate 
the other passive design strategies (heating and cooling), 
including natural light and occupant/thermal adaptation 
aspects of the building as a whole. Also, we believe that 
this research is the foundation of future studies that can 
couple our reference case with other solutions packages 
including HVAC systems and renewable energy systems 
to reach nearly zero energy buildings (Attia, 2018). 
Conclusion 
In this study, a reference building has been analysed. The 
aim of study is investigating the influence of the multi-
family apartment building characteristics on the definition 
of optimal passive and energy efficiency solutions 
considering heating and cooling energy performance. A 
genetic algorithm coupled with a simulation tool is used 
to investigate the most promising design strategies able to 
optimize the energy performance according to the Pareto 
approach. Conventional passive and energy efficiency 
measures, not including building geometry or occupant 
adaptation, have been considered in order to maximize the 
building energy performance. The major research 
findings were as follows:  
• In heating dominated cities, the optimization of the 
envelope physio-thermal properties can lead to the 
reduction of heating energy loads up to 55% 
(equivalent to 30-76 kWh/m2) annually. 
• In cooling dominated cities, the optimization of the 
envelope physio-thermal properties can lead to the 
reduction of cooling energy loads up to 24% 
(equivalent to 4-31 kWh/m2) annually. 
• Overall, the optimization passive and energy 
efficiency measures for building envelopes is more 
effective in heating dominated cities and can achieve 
remarkable energy use savings. 
The application of passive and energy efficiency 
measures for new and existing multi-family apartment 
buildings in North Africa region can significantly 
attenuate building energy use that occurs in most energy-
intensive households. 
Future work will focus on predicting building energy 
consumption without simulation and optimization which 
are complicated issues for architects. The development of 
prediction models represents a design decision support 
which could be potentially helpful for architects and 
engineers in the early design and construction stages. 
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